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A B S T R A C T   

Five organotin(IV) derivatives (1–5) of general formula R3SnL and R2SnL2, where R = C4H9 {1, and 3}, CH3 {2 
and 4}, C6H5 {5} and L represents 4-fluorophenoxyacetate ligand were synthesized by the condensation reaction 
of corresponding organotin(IV) chloride and sodium-4-fluorophenoxyaceate salt in dry chloroform under reflux 
condition. The elemental analysis has confirmed the expected composition of the complexes. The Δν values (less 
than 200 cm− 1) calculated from FT-IR spectra revealed bridging/chelating bidentate coordination of the 
carboxylate ligand to the tin. The single crystal XRD analysis has shown polymeric chain structures for complexes 
1 and 2 with bridging bidentate carboxylate ligand connecting tin atoms having trigonal bipyramidal geometry. 
In complex 3, the tin atom with chelating anisobidentate ligands adopted a highly distorted octahedral geometry. 
Quantum chemical studies have shown a good correlation between experimental and theoretically calculated 
geometric parameters. The Hirshfeld surface and fingerprint plots calculations have shown H…H interactions as 
the major intermolecular contacts present within the crystal structures of complexes 1–3. The experimental and 
simulated (1H and 13C) NMR spectra were found to be in good agreement. The in vitro enzyme inhibition 
{acetylcholinesterase (AChE), butyrylcholinesterase (BChE), monoamine oxidase B (MAO-B), alpha-glucosidase, 
dipeptidyl peptidase-4, cyclooxygenase (COX) and lipoxygenase (LOX)}, antioxidant [DPPH = 2,2-diphenyl-1- 
picrylhydrazyl and ABTS = 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid] and antileishmanial assays 
have shown dose dependent responses of the test compounds. Complexes have shown higher activities compared 
to the free ligand acid. Complexes were particularly more active acetylcholinesterase (AChE), and butyr-
ylcholinesterase (BChE) inhibitors, especially complex 3 (IC50 = 0.60 µg/mL) was even more potent than the 
standard drug Galantamine (IC50 = 2.82 µg/mL). MTT [MTT= (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazoliumbromide tetrazolium)] assay showed potent anticancer activity for complex 4 (IC50 = 12.54 ± 0.19 µg/ 
mL), complex 5 (IC50 = 16.44 ± 0.17 µg/mL), and free 4-fluorophenoxyacetic acid (HL) (IC50 = 21.95 ± 0.09 
µg/mL) among the tested compounds towards the brain cancer cell line (Malignant glioma U87). The nonma-
lignant human embryonic kidney HEK293 cells were found to be less vulnerable to the test compounds. In the 
antimicrobial assays, complexes 1 and 2 have shown activities higher than the standard drug Cefixime against 
C. albicans and P. aeruginosa, respectively.  
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1. Introduction 

Organotin(IV) carboxylates are typically prepared by simple one- 
step condensation reactions of organotin(IV) chlorides/hydroxides/ox-
ides with carboxylic acids/salts in appropriate organic solvents under 
reflux conditions. The study of these complexes encompasses a signifi-
cant portion of the organometallic chemistry and is progressively 
expanding and gaining interest due to their potential to interact with 
different biomolecules (Debnath et al., 2024). This interaction makes 
them an important class of compounds with promising biological ac-
tivities. Numerous studies have recognized these complexes for their 
anticancer, DNA binding, antimicrobial, antidiabetic, anti- 
inflammatory, antimalarial, antituberculosis, antileishmanial, antioxi-
dant, antiviral, and enzyme inhibition activities that are comparable or 
more promising than standard drugs used in some studies (Kovala- 
Demertzi et al., 2002, Muhammad et al., 2009, Abbas et al., 2013, 
Romero-Cháveza et al., 2018, Naz et al., 2019, Debnath et al., 2020, 
Hussain et al., 2023, Joshi et al., 2023). The biological activity of these 
complexes could be linked to their structural diversity attained due to 
the coordination sphere expansion ability of the tin center and the 
versatile coordination mode of the carboxylate ligand (Abbas et al., 
2013, Romero-Cháveza et al., 2018, Pantelić et al., 2021, Debnath et al., 
2024, Kasalović et al., 2024). However, the role of the attached alkyl/ 
aryl groups could not be neglected as their number and length have a 
significant impact on the bioactivity (Muhammad et al., 2018). Orga-
notin(IV) complexes consisting of relatively small semi-rigid and flexible 
benzene core carboxylate ligands show significant biological activities 
(Naz et al., 2019). Substitution of different functional groups on the 
benzene ring of the carboxylate ligand or even changing the position of a 
functional group on the benzene ring of the carboxylate ligand has a 
significant impact on the bioactivity (Muhammad et al., 2018, 
Muhammad et al., 2019a, Naz et al., 2019). 

Keeping in view, the easy synthesis, structural diversity, potent 
bioactivity and our research interest in the organotin(IV) carboxylate 
chemistry, we report the synthesis and structural characterization of five 
organotin(IV) derivatives of 4-flourophenoxyacetic acid for their in vitro 
biological activities. As different studies have reported a close connec-
tion among oxidative stress, inflammation, cancer, diabetes and Alz-
heimer’s disease (Fernandes et al., 2024, Ojo et al., 2023), so the 
complexes were screened for their enzyme inhibition (anti-Alzheimer, 
antidiabetic and anti-inflammatory), antioxidant, anticancer, anti-
leishmanial, and antimicrobial activities in search of metal based 
multifaceted drugs. The characterization of the synthesized complexes 
was achieved via elemental analysis, FT-IR, NMR (1H and 13C) and single 
crystal XRD analyses. The ligand acid was selected for its relatively 
flexible and semi-rigid nature and polar fluoro substituent for efficient 
bioactivity after complexation with organotin(IV) moiety. 

2. Experimental 

2.1. Materials and physical measurements 

Organotin(IV) chlorides, 4-flourophenoxyacetic acid, sodium bicar-
bonate and chloroform were purchased from Sigma-Aldrich and used 
without any further purification. However, chloroform was dried ac-
cording to a reported procedure (Armarego and Chai, 2003). Melting 
points of the synthesized complexes were determined on a Gallenkamp 
(UK) electro thermal instrument. FT-IR spectra given in Fig. S1-S5 were 
recorded in the range of 4000–400 cm− 1 on a Nicolet-6700 FT-IR 
Spectrophotometer, Thermo Scientific, USA, using attenuated total 
reflectance (ATR) technique. The NMR (1H and 13C) spectra given in 
Fig. S6-S15 were recorded at room temperature on a Bruker Avance III 
HD NanoBay 400 MHz NMR spectrometer (Switzerland). 

2.2. Syntheses 

2.2.1. Sodium-4-flourophenoxyacetate (NaL) 
The ligand salt, sodium-4-flourophenoxyacetate (NaL) was prepared 

by the drop wise addition of an aqueous sodium hydrogen carbonate 
solution to an equimolar methanolic solution of 4-flourophenoxy acetic 
acid. The reaction mixture was stirred for an hour. The soluble sodium- 
4-flourophenoxy acetate salt was recovered from the solution by rotary 
evaporation as a white powder. 

2.2.2. Synthesis of 1–5 
For the syntheses of 1 and 2, one equivalent of NaL (0.5 g, 2.45 

mmol) and tri-n-butyltin(IV) chloride (0.798 g, 2.45 mmol) or trime-
thyltin(IV) chloride (0.488 g, 2.45 mmol) were dissolved in 100 mL of 
dry chloroform in a 250 mL two neck round bottom flask. The reaction 
mixture was refluxed for 6 h. The resultant turbid solution was cooled to 
room temperature and left undisturbed for 24 h. The precipitated so-
dium chloride was removed by filtration. The crude complex was 
recovered from the clear filtrate by rotary evaporation of the solvent and 
recrystallized from chloroform and n-hexane mixture (4:1). For the 
syntheses of 3, 4 and 5, two equivalents of NaL (0.5 g, 2.45 mmol) and 
one equivalent of di-n-butyltin(IV) dichloride (0.372 g, 1.22 mmol), 
dimethyltin(IV) dichloride (0.269 g, 1.22 mmol) or diphenyltin(IV) 
dichloride (0.421 g, 1.22 mmol) were used and recrystallized in the 
same manner as 1 and 2. 

2.3. X-ray single crystal analysis 

Diffraction data were collected by the ω-scan technique, at 100(1) K, 
on Rigaku XCalibur four-circle diffractometer with Eos CCD detector, 
equipped with graphite-monochromatized MoKα radiation source (λ =
0.71073 Å). The data were corrected for Lorentz-polarization as well as 
for absorption effects (Agilent Technologies, 2018). The structures were 
solved with SHELXT (Sheldrick, 2015a) and refined with the full-matrix 
least-squares procedure on F2 by SHELXL-2013 (Sheldrick, 2015b). All 
non-hydrogen atoms were refined anisotropically, hydrogen atoms were 
placed in idealized positions and refined as ‘riding model’ with isotropic 
displacement parameters set at 1.2 (1.5 for methyl groups) times Ueq of 
appropriate carrier atoms. In the structure 2, one of the difluorophenyl 
rings is disordered over two positions, rotated approximately by 180◦. 
The site occupation factors for these positions converged at 65.8 
(4)%:34.2(4)%. Weak restraints were applied to the shapes of 
displacement ellipsoids in disordered fragments. 

2.4. Hirshfeld surface analysis 

The Hirshfeld surfaces and 2D fingerprint plots were generated using 
Crystal Explorer 17.50 (Turner et al., 2017). The X-ray single-crystal 
crystallographic information files were used as input files. The default 
setting used for Hirshfeld Surface/fingerprint generation in Crystal Ex-
plorer is as follows: property: none; resolution: High (standard). For 
fingerprint generation (di vs. de plot) we used: range: standard; filter: by 
elements and fingerprint filter options is both inside-outside elements 
including reciprocal contacts. The interactions with normalized contact 
distance in crystal structure shorter than the sum of the corresponding 
van der Waals radii of the atoms are highlighted by red spots and the 
longer contacts with the positive dnorm value are represented in blue 
color. 

2.5. Computational methodology 

Gaussian09 package was used to perform all the quantum chemical 
simulations (Caricato et al., 2009), whereas Gaussview and Chemcraft 
were used to visualize the optimized geometries of the synthesized 
complexes (1–5) (Sarfaraz et al., 2022a, Sarfaraz et al., 2022b). Geom-
etry optimization of all studied complexes was performed using B3LYP 
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functional of density functional theory. Sn atom was assigned with 
LanL2DZ basis set, whereas basis set used for other atoms were assigned 
with the 6-31G(d,p) basis set (Danish et al., 2020). B3LYP is a reliable 
DFT functional which provides a cost effective way for not only geo-
metric optimizations but also frequently adopted for mechanistic studies 
(Arshad et al., 2015, Mkrtchyan et al., 2021). 13C and 1H NMR analyses 
were carried out at WP04 functional using GIAO formalism in CHCl3 
solvent using tetramethylsilane (TMS) as an internal standard. WP04 is a 
DFT functional specifically designed to reproduce the experimental 
NMR results via theory (Sarotti and Pellegrinet, 2012, Rahman et al., 
2015). 

2.6. Biological assays 

2.6.1. Enzyme inhibition assays 

2.6.1.1. α-glucosidase assay. The alpha-glucosidase inhibitory activity 
of the synthesized complexes (1–5) was performed according to a pub-
lished procedure with a sight modification (Rahim et al., 2019). Acar-
bose was used as a standard drug. alpha-glucosidase solution (0.5 units/ 
mL) was made in 0.1 M phosphate buffer (pH 6.90). p-Nitrophenyl-α-D- 
glucopyranoside was used as a substrate solution. Test compound so-
lutions of different concentrations (500, 250, 125, 62.5, 31.25 μg/mL) 
were prepared in DMSO. The test compound solutions were mixed with 
the enzyme solutions, and the mixtures were incubated at 37 ◦C for 15 
min. Subsequently, the substrate solutions were mixed with these so-
lutions and the mixtures were again incubated followed by addition of 
80 μL sodium carbonate (0.2 M) solution. The mixture solution without 
alpha-glucosidase was used as a blank solution. The absorption of the 
solution was measured at 405 nm. The experiments were performed in 
triplicate. The percent inhibitions and IC50 values were calculated. 

2.6.1.2. Dipeptidyl Peptidase-4 assay. The inhibitory effect of the syn-
thesized complexes on the Dipeptidyl peptidase-4 (DPP-4) enzyme was 
evaluated using fluorescent probe based in vitro test (Huneif et al., 
2022). DPP-4 (recombinant human) and tetraphenylethne-lys-Phe-Pro- 
Glu (TPE-KFPE) in buffer (HEPES) were treated with the test com-
pounds at 37 ◦C for 30 min. The 96-well Microplate Reader was used for 
the assay. The compounds action was assessed at different concentra-
tions (500, 250, 125, 62.5, 31.25 μg/mL). The experiments were per-
formed in triplicate. Urosolic acid was used as standard drug. The IC50 
values and inhibition (%) was calculated to have an insight about the 
enzyme inhibition potential of the test compounds. 

2.6.1.3. Acetyl and butyrylcholinesterase assays. The synthesized com-
plexes (1–5) were tested for the acetyl and butyrylcholinesterase inhi-
bition activities in comparison to galantamine reference. Different 
concentrations (500, 250, 125, 62.25, 31.25 μg/mL) of the test com-
pounds were made in DMSO. Similarly, the Acetylthiocholine iodide 
(ACTI) and butyrylthiocholineiodide (BCTI) 0.05 mM solutions were 
also prepared. The enzyme dilutions were made in phosphate buffer (pH 
8). The 5,5′-dithiobis-(2-nitrobenzoic acid) (DTNB) and acetyl and 
butyrylthiocholine iodide solutions (0.05 mM each) were made in 
distilled water and kept at 8 ◦C for 15 min. The enzyme solution (5 μL), 
test compounds (205 μL) and DNTB (5 μL) solution were mixed and 
incubated for 15 min at 30 ◦C. The absorption of the mixture was 
measured at 412 nm. All the solutions without test compounds served as 
the negative control, and galantamine served as the positive control. The 
experiments were performed in triplicate. The % inhibitions and IC50 
values were calculated (Ahmad et al., 2016, Mahnashi et al., 2022). 

2.6.1.4. Monoamine oxidase (MAO-B) assay. The microplate assay, as 
described earlier (Holt et al., 1997) was used with the following modi-
fications to determine MAO-B inhibitory properties of the synthesized 
complexes 1–5. In a 96-well microplate, 40 μL of the test compound was 

added to 30 μL potassium phosphate buffer (0.2 M, pH 7.6) and serially 
diluted. Following this, 40 μL chromogenic solution (1 mM vanillic acid 
and 2.5 mM 4-aminoantipyrine in 0.2 M potassium phosphate buffer, pH 
7.2 and 4U/ml peroxidase) and 120 μL 2.5 mM ptyramine in 0.2 M 
potassium phosphate buffer (pH 7.2) was added to each well. Absor-
bance was then read once at 490 nm using an Opsys MR micro-plate 
reader. Subsequently, 40 μL of the recombinant human monoamine 
oxidase B (MAO-B 8U/mL) was added to each well of the microplate. 
The absorbance of the reaction mixture was read at 490 nm seven times 
every 5 min. Safinamide was used as a standard. Experiments were 
performed in triplicates. MAO inhibition was calculated by comparing 
the rates of enzyme reaction of the test compounds with that of a blank 
containing potassium phosphate buffer according to the following 
equation: 

Inhibition (%) = 1. − RRsample
RRcontrol

× 100where RRsample is the rate of 
enzyme reaction of the test compounds and RRcontrol is that of the blank. 

2.6.1.5. Anticyclooxygenase-2 assay (COX-2). The synthesized organo-
tin(IV) complexes were tested against COX-2 enzyme. The COX-2 (300 
units/mL) was activated on ice for 5 min. A 50 μL co-factor containing 
glutathione, hematin, 1.0 mM and N,N,N’,N’-tetramethyl-p-phenyl-
enediamine (TMPD) in a Tris-HCl buffer (pH 8) was added to the acti-
vated solution. The mixtures containing test compound solution (20 μL) 
and activated enzyme solution (60 μL) were maintained at room tem-
perature for 5 min. The addition of 20 μL of arachidonic acid started the 
enzyme inhibition reaction. The reaction was incubated for 5 min, and 
absorbance was measured at 570 nm. The experiments were repeated 
three times. The inhibitions (%) and IC50 values were compared with the 
standard celecoxib (Mahnashi et al., 2022). 

2.6.1.6. 5-Lioxygenase assay (5-LOX). This assay was performed with a 
slight modification in the reported procedure (Mahnashi et al., 2022) 
against Montelukast as a standard and linoleic acid was used as a sub-
strate. The test compounds were dissolved in phosphate buffer (pH 6.3) 
followed by the addition of enzyme solution (10,000 unit/μL). The 
mixture was incubated for 5 min at room temperature followed by the 
addition of linoleic acid. The mixture was left for 5 min and absorbance 
was measured at 234 nm. The experiments were performed in triplicate 
and the inhibitions (%) and IC50 values were calculated. 

2.6.2. Antioxidant activity 
The in vitro antioxidant activity of the HL and synthesized complexes 

(1–5) was performed via DPPH and ABTS assays. 
For the DPPH assay on our samples, we used previously published 

procedure (Huneif et al., 2023). The solution of 2,2 Diphenyl 1 pic-
rylhydrazyl was prepared by dissolving the DPPH (20 mg) in methanol 
(100 mL). The absorbance was adjusted at 517 nm to 0.75 using 
UV–visible spectrophotometer. Afterwards, two milliliter solution of 
DPPH was added to various concentrations of the samples ranging from 
500 to 31.25 μg/ml. The mixture of the sample with DPPH was incu-
bated at normal laboratory temperature for fifteen minutes. The absor-
bance was measured at 517 nm as mentioned in earlier. The experiments 
were performed in replicate and the detail values are provided in the 
supporting information. The percent inhibitions of DPPH free radicals 
were determined by using the following formula; 

PercentInhibition =
AbsorbanceofStandard − AbsorbanceofSample

AbsorbanceofControl
× 100  

For the in vitro ABTS assay, solutions of K2SO4 (2.45 mM) and ABTS (7 
mM) were prepared and mixed. The mixture was kept in the dark for 
approximately 16 h. The phosphate buffer (0.01 M, pH 7.4) was used to 
dilute the ABTS cation solution, and the absorbance value (0.70) was set 
at 734 nm. The test compounds of different concentrations (500, 250, 
125, 62.25, 31.25 μg/mL) were mixed with 3.0 mL of ABTS solution. The 
decrease in absorption at 734 nm was noticed after one minute for six 
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minutes. The ascorbic acid was used as a positive control. The experi-
ments were repeated three times and the IC50 values and scavenging 
activities (%) were calculated (Mahnashi et al., 2022). 

2.6.3. Antileishmanial activity 
Antileishmanial activity was performed on promastigotes form of 

Leishmania tropica, cultivated in a medium (RPMI-1640), supplemented 
with 1 % antibiotics and 10 % fetal bovine serum (HIFBS) inactivated by 
heating and incubated at 25 ± 1 ◦C. Samples stock solutions (10 mg/mL) 
were made in DMSO. 

The assay was done as per reported procedure with a slight modifi-
cation (Zghair et al., 2016). Leishmania tropica promastigotes (1 x 105 

parasites/well) and test compounds (1000, 500 and 250 μg/mL) were 
kept in a flat-bottom 96-well microtiter plate. Amphotericin-B (AmB) 
and plan media with DMSO were employed as positive control and 
blank, respectively. The plates were kept at 25 ± 1 ◦C for 72 h. After this, 
100 μL of MTT solution was poured to the wells. The plate was again 
placed for four hours at 31 ◦C. A 40 μL of DMSO was poured in to wells to 
solubilize the formazan crystals of MTT. The plates were stirred slowly 
for 15 min. A microplate reader (Bio TekTM ELx800) was used to find the 
absorbance of these plates at 570 nm. Inhibition (%) was then found by 
using the equation given below: 

Percent inhibition = (100 − viability)

2.6.4. Anticancer activity 
U87-Malignant glioma (ATCC-HTB-14™) and Human Embryonic 

Kidney HEK293 cell lines were obtained from the cell culture bank of 
Atta-Ur-Rahman School of Applied Biosciences, National University of 
Science and Technology (NUST), Islamabad, Pakistan. The cells were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) containing 
4.5 g/L glucose, 10 % fetal bovine serum (FBS), and 1 % penicillin and 
streptomycin solution in a humidified incubator set at 37 ◦C with 5 % 
carbon dioxide. 

MTT assay involves the estimation of the metabolic activity of the 
living cells and the most common method used for measuring cytotox-
icity of any substance. Cytotoxicity is expressed as the concentration of 
the synthetic compounds that inhibit the growth of cells by 50 % (IC50). 
The principle behind this assay is the reduction of MTT reagent to 
insoluble formazan crystals by viable cells, and hence, cellular viability 
is measured. In the current study, MTT assay was performed to check the 
cytotoxicity of HL and tin complexes (1–5), against the human 
cancerous cell line U87-Malignant glioma and human embryonic kidney 
(HEK293) as a control. They were added at a density of 1 × 103 cells per 
well in the 96-well culture plate in a humidified incubator having 5 % 
CO2 at 37 ◦C. After 24 h of post plating when the cells were adhered, 100 
μL of varying concentrations of test compounds (10, 20, 40, 80, 100, 150 
and 200 μg/mL) were added and incubated for 48 h. After 24 h of 
addition of the drugs, cytotoxicity was checked by adding 5 mg/mL MTT 
solution prepared in 15 μL of phosphate-buffered saline (PBS) (BIO 
BASIC CANADA INC.) to each well and incubated for 3 h. Furthermore, 
supernatant was discarded, and then, 100 μL dimethyl sulfoxide (DMSO) 
(Sigma-Aldrich) was added to all the wells to dissolve formazan crystals 
and incubated again for 30 min. The optical density was measured at a 
wavelength of 550 nm using a micro plate reader (BIO-RAD PR4100). 
From the obtained data of absorbance, % cell viability was calculated 
using the following equation (Yousaf et al., 2022, Khan et al., 2023). 

% age of cell viability =

(
Asample − Ablank

Acontrol − Ablank

)

× 100  

2.6.5. Antimicrobial activity 
The in vitro antifungal activity of HL and complexes 1–5 was 

screened against two Candida strains (Candida albicans ATCC 9002 and 
Candida parapsilosis ATCC 22019). These strains were used to prepare 
fresh culture before performing anticandidal activity (Kuete et al., 
2011). The fungal species were prepared in normal saline. Standard 
turbidity 100 μL of pre-adjusted fungal culture were used for the prep-
aration of plates of Sabouraud dextrose agar. Standard drug clotrimazole 
and sample each 5 μL is applied on the sterile disc arranged on media 
plates. Plates were kept at 30 ◦C for 48 h and the zone of inhibition 
around the disc was measured in mm. The experiment was performed 
thrice. 

To test the strength of antibacterial activity in samples, a disc 
diffusion method was used (Balouiri et al., 2016). Freshly prepared 
bacterial strains of S. aureus, B. subtilis, E. coli and P. aeruginosa were 
streaked to make lawn on the nutrient agar plates. Test samples 5 μL, 
cefixime as the reference standard and DMSO as a negative standard, 
were loaded into complete sterile discs. After 24 h of incubation at 37 ◦C, 
the diameter of the sample inhibition zone and standard were measured. 

The experiment was performed thrice. 

2.7. ADME properties prediction 

The best in silico method for the prediction of pharmacokinetics, 
biophysical, lipophilic and drug-likeness properties of a proposed drug is 
Swiss-ADME program (https://www.swissadme.ch/) in which the 
ADME characteristics such as molecular structure, solubility, absorp-
tion, excretion and metabolism are explored. The lipid solubility, logical 
polarity of the surface area (tPSA), solubility (logS), unsaturation ratio 
based on sp3-hybridized carbon atoms and rotatable bonds were used in 
the sustainability radar calculation to measure the drug-likeness of the 
screened compounds. The compound’s drug-likeness analysis and 
compatibility with “Lipinski’s Rule of Five” is also determined from the 
Swiss-ADME program (Daina et al., 2014, Daina et al., 2017, Lipinski 
et al., 1997, Walters & Murcko, 2002). 

3. Results and discussion 

3.1. Synthesis 

Five organotin(IV) derivatives of 4-fluorophenoxyacetic acid (HL) 
were prepared by the condensation reaction of di- and triorganotin(IV) 
chlorides with sodium-4-fluorophenoxyacetate in appropriate mole 
ratio in dry chloroform under reflux condition. The complexes were 
obtained as a white powder in good yields (84–79 %), found air-stable 
and soluble in DMSO and chloroform at room temperature. The com-
plexes were recrystallized from chloroform and n-hexane mixture (4:1). 
The elemental analysis confirmed the expected composition and thus 
purity of the synthesized complexes. 

3.2. FT-IR spectroscopy 

FT-IR spectra are frequently used for the solid state structural char-
acterization of organotin(IV) carboxylates. The spectra not only confirm 
the synthesis of these complexes but also give reasonable indications 

Cell viability (%) =
meanODofthesample − meanODofthepositivecontrol

meanODofthenegativecontrol − meanODofthepositivecontrol
× 100   
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about the binding mode of the coordinated carboxylate ligand. A broad 
band in the range 3600–2600 cm− 1 and strong bands around 1700 and 
1200 cm− 1 owing to O-H, C = O and C-O bonds vibrations are the 
characteristics of a free carboxylic acid (Muhammad et al., 2019b). The 
broad band owing to OH bond vibration disappears after complexation, 
while C = O and C-O bond vibrations of the free carboxylic acid are 
replaced by a set of two new bands owing to asymmetric and symmetric 
vibration of the coordinated COO moiety (Eng et al., 2007). The mode of 
coordination of the carboxylate ligand is decided by the Δν value 
(=COOasy-COOsym) (Hussain et al., 2015). 

In the present study, the absence of a broad band above 2600 cm− 1 

and the presence of new weak intensity bands in the range 559–461 
cm− 1 in the complexes spectra indicated deprotonation and subsequent 
coordination of the carboxylate ligand to the tin center (Sirajuddin et al., 
2019). The Sn-C bond vibrations were observed as weak intensity bands 
in the range 585–532. The Δν values were found less than 200 cm− 1 

showing the bridging/chelating bidentate coordination mode of the 
carboxylate ligand to the organotin(IV) moiety (Muhammad et al., 
2009). The Ar-F vibration was observed as a prominent band in all the 
synthesized complexes in the range 1204–1193 cm− 1 (Viola et al., 
2022). The FT-IR spectral findings were at least confirmed for complexes 
1–3 by single crystal X-ray diffraction analysis. 

3.3. Single crystal analysis 

The crystallographic data as collected by single crystal analysis is 
presented in Table 1, while important bond lengths and bond angles are 
shown in Tables 2 and 3, respectively. Single crystal analysis shows that 
complexes 1 and 2 are polymeric in nature adopting common trans- 
O2SnC3 coordination sphere of the triorganotin carboxylates with 
trigonal bipyramidal geometry (Figs. 1 and 2, respectively) (Lockhart 
and Manders, 1986, Mahon et al., 2005). The Sn atom is bonded with the 
three alkyl carbons and makes a trigonal plane along with two oxygen 
atoms from the two carboxylate moieties occupying the axial positions. 
The nature of the bridging is anisotropic, in which tin forms one short 
[Sn–O 2.200(3) Å in 1 and 2.2309(19) Å in 2] and one relatively long 
[Sn–O 2.370(3) Å in 1 and 2.3970(19) Å in 2 and] bond to oxygen. These 

bond lengths are comparable to other Sn–O bonds found in typical 
polymeric triorganotin carboxylates, with short (2.120–2.246 Å) and 
long (2.24–2.65 Å) bonds, respectively [Gul et al., 2024]. The O–Sn–O 
angles [171.55(10)◦ in 1 and 170.30(7)◦ in 2] are also comparable to 
the typical polymeric triorganotin carboxylates (168.6–178.7◦) (Tie-
kink, 1994, Tariq et al., 2016, Muhammad et al., 2022). 

The molecular structure of complex 3 shows that Sn has a coordi-
nation number of six and adopts a highly distorted octahedral geometry 
(may alternately be also described as bicapped tetrahedron with oxy-
gens capping the faces) in which Sn and the atoms of the acetate groups 
are nearly coplanar (Fig. 3). The acetates are anisobidentate, with Sn-O 
distances of 2.113 (2) and 2.534 (3) Å, both of which are significantly 
shorter than the sum of the van der Waals radii (3.68 Å). The Sn-O/Sn-C 
bond lengths and different angles around tin center in complex 3 are 
comparable with a previously reported dibutyltin(IV) carboxylate 
complex (Muhammad et al., 2018). 

Quantum chemical studies were also performed to compare the bond 
lengths and bond angles with those obtained through single crystal 
structural analysis. The geometric parameters of studied complexes 
were optimized at 6-31G(d,p) basis set for all atoms except the Sn atom 
where LanL2DZ basis set was assigned. The optimized geometries of the 
studied tin complexes (1–5) are presented in Fig. 4. The comparison of 
some important bond lengths and bond angles of optimized structures 
with that of experimental data for complexes 1–3 is reported in Tables 2 
and 3, respectively. Whereas the important geometric parameters of 
optimized structures of 4 and 5 are listed in Table 4. 

Tables 2 and 3 show that bond lengths and bond angles obtained 
through the experimental and theoretical analysis correlated nicely. In 
case of complex 2, the deviation in the reported bond lengths is observed 
in the range of 0.01–0.06 Å. In bond length, the maximum deviation is 
observed for Sn2—O1 (0.06 Å). Whereas the deviation in bond angle is 
observed in the range of 1.2–8.2◦. For complex 1, almost a similar de-
viation pattern in geometric parameters is observed as those in complex 
2 due to the structural similarity of both complexes. In this case, the 
deviation in reported bond lengths and angles is calculated in the range 
of 0.01–0.09 Å and 0.1–8.4◦, respectively. Similarly, the simulated 
complex 3 shows a nice correlation with the X-ray studies parameters. 

Table 1 
Crystallographic data of complexes 1–3.  

Complex 1 2 3 

Empirical formula C40H66F2O6Sn2 C11H15FO3Sn C24H30F2O6Sn 
Formula mass 918.35 332.94 571.19 
Temp. (K) 100 298 293 
Crystal system triclinic orthorhombic monoclinic 
Space group P-1 Pbca P 2/c 
a (Å) 10.3182 (3) 11.2171 (4) 14.2563 (2) 
b (Å) 14.1977 (5) 11.6977 (6) 4.99790 (10) 
c (Å) 15.8842 (5) 19.7511 (7) 17.8026 (2) 
α (◦) 108.515 (3) 90 90 
β (◦) 95.539 (3) 90 94.9480 (10) 
γ (◦) 98.057 (3) 90 90 
Volume (Å3) 2159.94 2590.41 1263.75 
Z, Density (Mg/m− 3(− |-)) 2, 1.412 8, 1.707 2, 1.501 
Abs. coefficient (mm− 1) 1.206 1.975 8.482 
F(000) 944.0 1312.0 580 
θ range for data collection − 26.726◦ − 26.785◦ − 70.742◦

Limiting indices h = − 13→12 
k = − 17 → 17 
l = − 20 → 19 

h = − 14 → 14 
k = − 14 → 14 
l = − 25 → 24 

h = − 17 → 17 
k = − 6 → 5 
l = − 21 → 21 

Measured reflections 7509 2139 2325 
Independent reflections 10,343 9241 10,241 
Reflections with I > 2σ(I) 5429 5210 2325 
Rint 0.0794 0.0632 0.0640 
Goodness-of-fit on F2 0.922 0.821 0.809 
Final R indexes [I>= 2σ(I)] R1 = 0.0617, wR2 = 0.1490 R1 = 0.0421, wR2 = 0.1321 R1 = 0.0511, wR2 = 0.1589 
Data/restraints/ parameters 10343/0/793 10219/0/780 10451/0/771 
R[F2 > 2σ(F2)] 0.0617 0.0528 0.0611 
CCDC No 2,216,717 2,216,715 2,216,716  
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The deviation of simulated bond lengths from that of X-ray results is 
observed in the range of 0.00–0.07 Å, whereas the deviation in bond 
angles is in the range of 0.5–7.2◦. 

Comparative analyses of geometric parameters of complexes 4 and 5 
is also indicated and reported in Table 4. Due to missing X-ray results, 

the selected bond lengths, and angles of complexes 4 and 5 are 
compared with those of 3. The geometric parameters for these com-
plexes are almost comparable. The Sn—C bond length of 2.13 Å is 
observed which is consistent in all simulated complexes (1–5) as given in 
Tables 2 and 4. However, Sn—O bond length varies between 2.07 and 

Table 2 
Selected theoretical and experimental bond lengths (Å) of complexes b-3.  

1 2 3 

Bond Theo Exp Bond Theo Exp Bond Theo Exp 

Sn2—C3  2.13 2.14(5) Sn2—C3  2.13 2.11(4) Sn2—C5 2.13 2.12(4) 
Sn2—C4  2.13 2.13(4) Sn2—C4  2.13 2.09(4) Sn2—O3 2.07 2.14(2) 
Sn2—C5  2.13 2.13(3) Sn2—C5  2.13 2.10(4) Sn2—O4 2.59 2.53(3) 
Sn2—O1  2.11 2.20(2) Sn2—O1  2.17 2.23(2) O3—C6 1.31 1.28(4) 
O1—C6  1.22 1.25(4) O1—C6  1.29 1.26(4) O4—C6 1.23 1.23(4) 
O7—C6  1.29 1.26(5) O7—C6  1.22 1.23(4) – – –  

Table 3 
Selected theoretical and experimental bond angles (◦) of complexes 1–3.  

1 2 3 

Bond Theo XRD Bond Theo XRD Bond Theo XRD 

O1-Sn2-C3  94.3  86.1 O1-Sn2-C3  97.1  86.4 O3-Sn2-O4  55.3  54.8 
O1-Sn2-C4  102.3  97.7 O1-Sn2-C4  101.1  90.8 O3-Sn2-C5  110.5  107.7 
O1-Sn2-C5  105.1  96.7 O1-Sn2-C5  105.0  96.8 O3-Sn2-O3  82.9  79.62 
O1-Sn2-O8  175.1  170.6 O1-Sn2-O8  178.8  170.2 O3-Sn2-O4  55.3  54.8 
C3-Sn2-C4  117.3  119.2 C3-Sn2-C4  114.2  119.9 O3-Sn2-C5  106.7  102.2 
C3-Sn2-C5  115.6  115.5 C3-Sn2-C5  116.6  117.8 O4-Sn2-C5  87.4  89.2 
C3-Sn2-O8  79.55  84.8 C3-Sn2-O8  81.7  84.9 O4-Sn2-O3  55.3  54.8 
C4-Sn2-C5  119.6  124.1 C4-Sn2-C5  118.3  122.3 O4-Sn2-O4  164.4  170.7 
C4-Sn2-O8  81.0  88.8 C4-Sn2-O8  85.2  89.6 O4-Sn2-C5  85.9  87.7 
C5-Sn2-O8  80.7  85.5 C5-Sn2-O8  97.1  94.2 C5-Sn2-O3  106.2  102.2 
C6-O8-Sn2  173.1  171.6 C6-O8-Sn2  142.3  137.7 C5-Sn2-O4  85.9  87.7 
Sn2-O1-C6  98.2  86.9 Sn2-O1-C6  119.3  130.0 C5-Sn2-C5  129.5  140.7 
O8-C6-01  103.9  95.5 O8-C6-01  117.6  125.0 O3-Sn2-O4  55.3  54.8  

Fig. 1. ORTEP view of 1 with a 50% probability level.  
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2.64 Å, depending upon the different substituents attached to tin. In 
summary, the simulated geometric parameters show a very good cor-
relation with those from single crystal X-ray data (experimental) in all 
tin complexes. 

The Hirshfeld surface and fingerprint plots were also calculated to 
visualize the intermolecular contacts present within the crystal struc-
tures of complexes 1–3. The corresponding acceptor and donor atoms 
showing C—H⋅⋅⋅O intermolecular hydrogen bonds in complexes 1 and 2 
are shown as bright red spots on the Hirshfeld surface (Fig. 5). Both 
compounds show a maximum proportion of H…H interactions making 
up 70.5 and 59.5 %, respectively. The higher value for the former could 
be attributed to the presence of n-butyl groups. Despite the fact that the 
combined C…H/H…C and H…F/F…H contributions dominate the 
finger plots (12.0 and 10.5 % and 15.3 and 10.0 % for 1 and 2, 
respectively), noteworthy are the O…H/H…O interactions of 2 due to 
H-bonding that can be observed as red circles and are contributing 
almost twice (14.2 %) than those in 1 (7.7 %) (Figs. 6 and 7). 

The Hirshfeld surface and fingerprint plots (Figs. 8 and 9, respec-
tively) show that although in the di-n-butyltin(IV) complex (3), the 
intermolecular interactions are still dominated by H…H contacts (54.1 
%), the O…H/H…O contacts due to H-bonding are the second most 
contributions that can be seen as red hot spots. The blue regions 
correspond to longer contacts with positive dnorm value and are evident 
for H…F/F…H and C…H/H…C interactions (12.2 and 9.6 %, respec-
tively) (Noor, 2022). The white regions correspond to the distance of 
contacts almost equal to the van der Waals separation with a dnorm value 

of zero and are due to C…F/F…C and O…O contacts (2.2 and 1.2 %, 
respectively) with no important role in the stabilization of structure (Luo 
et al., 2013). 

3.4. Nuclear magnetic resonance (NMR) spectroscopy 

Nuclear magnetic resonance (NMR) spectroscopy has been exten-
sively used in chemistry for the structural elucidation of various com-
pounds. Besides X-ray crystal data, the 1H and 13C NMR chemical shifts 
give much important information regarding the structures of chemical 
compounds. The solution state structural characterization of the syn-
thesized complexes was made by 1H and 13C NMR spectra recorded in 
deuterated chloroform. The numbering scheme for assigning the signals 
to different protons/carbons is shown in the scheme 1. 

In the proton NMR spectra, no signal was observed above 9 ppm, 
showing the presence of a deprotonated carboxylate ligand in the 
complexes 1–5 (Ali et al., 2021). The shielded part of the complexes 
(1–4) spectra is populated by the protons of the alkyl groups attached to 
the tin atom. The complexes 2 and 4 have shown signals at 0.63 and 
1.13 ppm, respectively owing to the methyl protons. The 2J(119/ 

117Sn-1H) coupling constant value of 58/56 suggests a four coordinated 
tin center in complex 2 in solution form (Ali et al., 2021, Muhammad 
et al., 2022). The –CH2-CH2-CH2- skeleton of the butyl groups was 
observed as multiplets in the expected region in complexes 1 and 3 with 
clear triplets at 0.92 and 0.88 ppm for the terminal CH3 protons, 
respectively. The relatively symmetric carboxylate ligand has shown a 

Fig. 2. (Left) ORTEP view of 2 with a 50% probability level (RIGHT) 1-D zigzag polymeric chain structure.  

Fig. 3. ORTEP view of 3 with a 50% probability level.  
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signal owing to the methylene protons in the range of 4.67–4.58 ppm. 
The aromatic protons of the ligand appeared as two multiplets in the 
range 6.97–6.82 and 7.53–6.93 ppm. 

The 13C NMR spectra of the complexes were relatively simple and 
gave the signals in the expected regions. Relative analysis of the 13C 
NMR spectra of the complexes 1–5 with HL have shown no observable 
change except an up field/down field shift observed in the COO signal in 
all the complexes compared to HL (173.9 ppm). In case of diorganotin 
(IV) derivatives (3 & 4) a downfield shift was observed, showing a 

bidentate coordination mode of the ligand. The ligand bidentate coor-
dination deshields the COO moiety, so a downfield signal is observed 
(Muhammad et al., 2019a). In triorganotin(IV) derivatives (1 and 2), an 
upfield shift was observed for the COO signal due to the monodentate 
coordination mode of the carboxylate ligand. In a monodentate coor-
dination mode, no significant electronic density transfer occurs from the 
ligand to the metal center, so the COO moiety remains shielded 
(Muhammad et al., 2019a). In complex 2, the tetra-coordinated geom-
etry around tin was further confirmed by the 1J [Sn119/117, 13C] coupling 

Fig. 4. Optimized geometries of complexes 1–5.  

S. Rahim et al.                                                                                                                                                                                                                                   



Arabian Journal of Chemistry 17 (2024) 105698

9

constant value of 394/376 Hz (Muhammad et al., 2019a). The time 
dependent 13C NMR spectra (taken immediately and after 24 h in CDCl3) 
have shown no changes in the chemical shift values, thus reflecting the 
stability of the complexes in solution form. 

The quantum chemical DFT calculations play an active role in pre-
dicting the simulated NMR chemical shift values and enabling their 
comparison with the experimental results. The DFT simulations to pre-
dict NMR of complexes 1–5, were performed at WP04 functional with 6- 
31G(d,p) basis set (except LanL2DZ basis set for Sn) using the GIAO 
method. A comparison of the simulated 1H and 13C NMR chemical shifts 
with those of the experimental chemical shifts for complexes 1–5, is 
reported in the experimental section. 

All the complexes mainly have methylene, methyl, and aromatic 
protons. In simulated 1H NMR spectra the methylene protons at position 
2 appear in the range of 4.53–4.91 ppm with respect to TMS, whereas 
these protons in the experimental spectra appear in the range of 
4.57–4.77 ppm. Similarly, the aromatic protons at positions 4, 4′ and 5, 
5′ are experimentally depicted in the range of 6.87–6.97 and 6.97–7.04 
ppm, respectively. The same aromatic protons in the simulated 1H NMR 
spectra are observed at 6.72–6.82 ppm (4, 4′) and 6.90–7.26 ppm (5, 5′), 
and are thus very nicely correlated with the experimental results. 
Moreover, the alpha protons of the methyl group directly attached to the 
Sn atom are shielded. Thus, the chemical shift values are shifted upfield 
and appear at 1.03 ppm in simulated and at 1.00 ppm in experimental 
NMR spectra. Similarly, the simulated and experimental chemical shifts 
of Hα, Hβ, Hγ and Hσ protons in other studied complexes are correlated 
excellently as mentioned in the experimental section. 

The comparison of simulated and experimental chemical shifts for 
13C NMR is also given in the experimental section, and overall, a strong 
correlation is observed among them. The carbon atom present at 

position 1 is highly deshielded and appears in the range of 158.5–177.4 
ppm (the downfield position). Similarly, in the experimental scan, the 
chemical shifts of carbon 1 appear in the range of 173.5–178.2 ppm 
(atomic labeling is according to Scheme 1). The experimental aromatic 
C4,4′ and C5,5′ signals appeared at 115.6–116.2 ppm, which agree very 
nicely with the theoretically computed values observed in the range of 
111.6–114.9 ppm. The chemical shift of aromatic carbon at position 3 in 
all tin complexes is observed in the range of 153.7–154.2 ppm, which 
nicely correlates with the theoretical values appeared in the range of 
148.7–152.7 ppm. Similarly, the simulated 13C NMR chemical shift 
values of all the carbon atoms in complexes 1–5 show strong agreement 
to the experimentally observed chemical shift values. The carbons at 
alpha position (Cα) attached to Sn are highly shielded in the case of 
complex 4, therefore, chemical shifts for Cα appear at slightly upfield 
positions of 5.3 ppm (experimental) and 13.9 ppm (simulated). Alto-
gether, the simulated 1H and 13C NMR chemical shifts of all the com-
plexes are correlated very nicely with the corresponding experimental 
values. 

3.5. Biological activities 

3.5.1. Anti-Alzheimer’s assays 
Alzheimer’s disease (AD) is a challenging neurological disorder of 

the elder people. This ailment disrupts daily life activities related to the 
neurological system (Rizzo et al., 2000). The inhibition of Acetylcho-
linesterase (AChE), Butyrylcholinesterase (BChE) and Monoamine oxi-
dase B (MAO-B) enzymes are among the major biochemical targets for 
the management of Alzheimer’s disease (Thomas, 2000, Binda et al., 
2002, Youdim et al., 2006, Carradori and Silvestri, 2015, Ahmad et al., 
2019, Mahnashi et al., 2022). 

Table 4 
Selected theoretical bond lengths(Å) and bond angles(◦) of complexes 4 and 5.  

4 5 

Atoms Bond length (Å) Atoms Angle (o) Atoms Bond length (Å) Atoms Angle (o) 

Sn2-C5 2.13 O3-Sn2-O4  56.2 Sn2-C5 2.13 O3-Sn2-O4  55.1 
Sn2-O3 2.07 O3-Sn2-C5  110.8 Sn2-O3 2.08 O3-Sn2-C5  109.8 
Sn2-O4 2.56 O3-Sn2-O3  85.1 Sn2-O4 2.59 O3-Sn2-O3si  80.1 
O3-C6 1.31 O4-Sn2-C5  86.8 O3-C6 1.30 O4-Sn2-C5  87.8 
O4-C6 1.23 O4-Sn2-O4  162.4 O4-C6 1.24 O4-Sn2-O4  169.6 
– – C5-Sn2-C5  130.3 – – C5-Sn2-C5  130.2  

Fig. 5. View of the three-dimensional Hirshfeld surface of 1 (right) and 2 (left) plotted over dnorm in the range of − 0.6754 to 1.6747 and − 0.6861 to 1.2194, 
respectively. 
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To evaluate the in vitro Anti-Alzheimer potential of HL and synthe-
sized complexes 1–5, Acetylcholinesterase (AChE), Butyrylcholinester-
ase (BChE) and Monoamine oxidase B (MAO-B) were selected as target 
enzymes. Compounds have shown a dose-dependent response to the 
target enzymes as shown in Table S1. Complexes 1–5 have shown better 
enzyme inhibition potential compared to HL, especially against AChE 
complexation has increased the enzyme inhibition potential many folds 
as shown in Fig. 10. Complex 3 with an IC50 value of 1.60 µg/mL was 
even found better enzyme inhibitor than the standard Galantamine. The 
enhanced activity of the complexes reflects the importance of tin as an 
active enzyme inhibition center. Complexes have shown different ac-
tivity orders against the studied enzymes, thus showing different modes 
of action in these enzymes. Against AChE the activity order 3 >

Standard > 4 > 1 > 5 > 2 > HL shows that diorganotin(IV) derivatives 3 
and 4 are more active than 1 and 2. Also the complexes with larger alkyl 
groups are active than complexes with smaller alkyl groups in both di- as 
well as triorganotin(IV) derivatives. For BChE inhibition complexes 
have shown different activity order; Standard > 2 > 4 > 1 > 3 > HL > 5 
as shown in Fig. 10. Against BChE, trialkyltin(IV) derivatives are found 
more active than their corresponding dilakyltin(IV) analogues. Also, 
methyl derivatives are more active than butyltin(IV) derivatives. So this 
activity demanded sterically less hindered tin center for the inhibition 
potential. In the case of MAO-B, the complexes have shown inhibition 
potential with no clear controlling factor in the order; Standard > 4 > 1 
> 3 > 5 > 2 > HL as shown in Fig. 11. Also, complexes were found 
relatively less potent against MAO-B compared to AChE and BChE. In all 

Fig. 6. Two-dimensional finger plots for intermolecular contacts in 1. The percentage of contribution is specified for each contact.  

Fig. 7. Two-dimensional finger plots for intermolecular contacts in 2. The percentage of contribution is specified for each contact.  
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Fig. 8. View of the three-dimensional Hirshfeld surface of 3 plotted over dnorm in the range of − 0.2056 to 1.5484.  

Fig. 9. Two-dimensional finger plots for intermolecular contacts in 3. The percentage of contribution is specified for each contact.  

Scheme 1. Synthetic and atomic numbering scheme of complexes 1–5.  
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Fig. 10. IC50 (µg/mL) values for the in vitro Acetylcholinesterase (AChE) and Butyrylcholinesterase (BChE) inhibition assays of HL and complexes 1–5.  

Fig. 11. IC50 (µg/mL) values for the in vitro Monoamine oxidase B (MAO-B) inhibition assay of HL and complexes 1–5.  

Fig. 12. IC50 (µg/mL) values for the in vitro alpha-glucosidase inhibition assay of HL and complexes 1–5.  
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three assays, the diphenyltin(IV) derivative (5) has shown a relatively 
low enzyme inhibition potential that could be attributed to the sterically 
hindered tin center in this complex. The tin atom in complex 5 is not that 
much freely available for the interaction with the enzyme. 

3.5.2. Antidiabetic assays 
Diabetes mellitus, often known as hyperglycemia, is a metabolic 

disease associated with high blood sugar levels (Su et al., 2023). En-
zymes like alpha-glucosidase and dipeptidyl peptidase-4 (DPP-4) are the 
main biological targets to treat hyperglycemia (Mahnashi et al., 2021, 
Mahnashi et al., 2022). Alpha-glucosidase is involved in the digestion of 
carbohydrates, while DPP-4 has the ability to cleave glucagon-like 
peptide-1 incretin hormone involved in the proper glycemic control. 

The in vitro antidiabetic inhibition of HL and synthesized complexes 
(1–5) was evaluated against alpha-glucosidase and DPP-4 enzymes in 
comparison to acarbose and ursolic acid as standard drugs and the IC50 
values of the in vitro screening are depicted in Figs. 12 and 13, respec-
tively. A dose-dependent response was observed as can be seen in 
Table S2. Complexation of the ligand has significantly increased the 
enzyme inhibition potential, especially in the case of alpha-glucosidase 
inhibition assay. However, complexes have lesser enzyme inhibition 
potential as shown by their quite higher IC50 values compared to the 

standard drugs. In the alpha-glucosidase inhibition assay, diorganitin 
(IV) derivatives (3 and 4) superseded their triorganotin(IV) analogues (1 
and 2). Also, the n-butyl derivatives (1 and 3) were more active than the 
methyl derivatives (2 and 4). Among complexes, diphenyltin(IV) de-
rivative (5) was found better inhibitor than 2. 

Against DPP-4, complex 5 was found active among all complexes. 
Also, diorganotin(IV) derivatives (3–5) are found more potent than tri-
organotin(IV) derivatives (1 and 2). 

3.5.3. Anti-inflammatory assays 
The cell or tissue damage is auto-protected from viral, microbial, 

chemical, or physical injury by the process of inflammation (Hold and 
El-Omar, 2008). The arachidonic acid pathways play a crucial role in the 
mechanism of inflammation. The cyclooxygenase (COX) and lip-
oxygenase (LOX) metabolize arachidonic acid into prostaglandin and 
leukotrienes (Munir et al., 2020). Prostaglandin and leukotrienes are 
involved in the inflammatory process (Salmon and Higgs, 1987). The 
inhibition of COX and LOX enzymes decreases the prostaglandin and 
leukotriene levels and hence there are lesser chances of inflammation. 

The in vitro anti-inflammatory assays were performed with cyclo-
oxygenase (COX-2) and lipoxygenase (5-LOX) enzymes using Celecoxib 
and montelukast as standard drugs, respectively. The test compounds 

Fig. 13. IC50 (µg/mL) values for the in vitro DPP-4 inhibition assay of HL and complexes 1–5.  

Fig. 14. IC50 (µg/mL) values for the in vitro cyclooxygenase (COX-2) inhibition assay of HL and complexes 1–5.  
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Fig. 15. IC50 (µg/mL) values for the in vitro lipoxygenase (5-LOX) inhibition assay of HL and complexes 1–5.  

Fig. 16. IC50 (µg/mL) values for the in vitro antioxidant assays (DPPH, ABTS) of HL and complexes 1–5.  

Fig. 17. IC50 (μg/mL) values of HL and complexes 1–5 against L. tropica promastigotes.  
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have shown a dose (500, 250, 125, 62.5 and 31.25 µg/mL) dependent 
response towards both the enzymes as shown in Table S3. The complexes 
have IC50 values in the ranges 49.05–19.87 µg/mL and 48.69–23.45 µg/ 
mL against COX-2 and 5-LOX enzymes as shown in Figs. 14 and 15, 
respectively. These values show higher enzyme inhibition potential of 
the complexes than HL with IC50 values of 95.05 µg/mL and 120.3 µg/ 
mL against COX-2 and 5-LOX enzymes, respectively. The test com-
pounds, however, have shown lesser enzyme inhibition potential than 
the standard drugs Celecoxib and Montelukast with IC50 values of 7.46 
µg/mL and 4.76 µg/mL, respectively. Among the complexes highest 
activity was shown by dimethyltin(IV) derivative (4) with IC50 values of 
19.87 µg/mL and 23.45 µg/mL against COX-2 and 5-LOX enzymes, 
respectively. 

3.5.4. Antioxidant assays 
The overproduction of free radicals could result in oxidative stress, 

diabetes, cancer, analgesia, inflammation and Alzheimer’s disease (Retz 
et al., 1998). Natural/synthetic antioxidants safeguard human health by 
quenching the excessive free radicals within the body. 

To check the potency of the synthesized complexes as multi-target 
drugs, the in vitro antioxidant potential of HL and synthesized com-
plexes (1–5) was tested by using DPPH and ABTS assays against ascorbic 
acid as a standard drug and the experimental data are shown in Fig. 16 
and Table S4. HL with IC50 values of 67.46 µg/mL and 80.72 µg/mL 
against DPPH and ABTS, respectively was found least potent antioxidant 
agent among the tested compounds. In both the assays dilakyltin(IV) 
derivatives were found more active free radical scavengers compared to 
their trialkyltin(IV) analogues, However, diphenyltin(IV) derivative (5) 
was found least potent against ABTS among all complexes. Apart from 
the number of alkyl groups and coordination number, the length of the 
alkyl group seems an important factor to affect the free radical scav-
enging potential of the tested complexes. Dimethyltin(IV) derivative (4) 
was the most active DPPH free radical scavenger. However, against 
ABTS dibutyltin(IV) derivative (3) superseded complex 4. This activity 
reversal could be a consequence of different modes of action of the 
antioxidant in the two assays. The synthesized complexes have shown 
relatively better antioxidant potential compared to the previously re-
ported organotin(IV) carboxylates (Hussain et al., 2023). 

3.5.5. Antileishmanial activity 
Leishmaniasis is a tropical disease caused by the blood-borne flag-

ellated protozoa of the genus Leishmania. Currently, available treat-
ments are relatively less effective, associated with high costs, and have a 
variety of side effects (Hussain et al., 2023). Therefore, the discovery of 

new safe alternatives is an urgent need. In this context, HL and the 
synthesized complexes (1–5) of varying concentrations (250, 500 and 
1000 μg/mL) were tested against L.tropica promastigotes using MTT 
assay and the data is shown in Fig. 17 and Table S5. Amphotericin B 
(AmB) was used as a standard drug. Among the tested compounds, HL 
was found relatively less active with an IC50 value of 191.89 µg/mL as 
shown in Fig. 17. The tin complexes (1–5) have shown higher activity 
with IC50 values in the range of 71.01–19.86 µg/mL. The higher anti-
leishmanial activity of the complexes compared to HL could be a 
consequence of higher charge distribution and compatibility of the 
complexes structures to the cell membrane enzyme, trypanothione 
synthetase (Hussain et al., 2023). Dilakyltin(IV) derivatives were found 
more active than triakyltin(IV) complexes. Also, dimethyltin(IV) deriv-
ative (4) was found more active than di-n-butyltin(IV) complex (3). 
Similarly, trimethyltin(IV) complex (2) was more potent than tri-n- 
butyltin(IV) derivative (1). Among the complexes, diphenyltin(IV) de-
rivative (5) was found the least active complex with an IC50 value of 
71.01 µg/mL. The activity pattern suggests that tin complexes with 
higher coordination numbers and with smaller alkyl groups are more 
active antileishmanial agents than low-coordinated tin complexes with 
larger alkyl or aryl groups. 

3.5.6. Anticancer activity 
Different concentrations (10, 20, 40, 80, 100, 150 and 200 μg/mL) of 

HL and synthesized complexes (1–5) in DMSO were used to investigate 
the growth inhibition of cancer cells in the human brain cancer cell line 
(Malignant glioma U87). Simultaneously, human normal embryonic 
kidney cells (HEK293) were also used in the experiment as a positive 
control. To ascertain the reduction in cancer cell viability brought on by 
cytotoxic drugs, the MTT assay was utilized. For Human Malignant 
glioma U87, the IC50 values, and %cell viability of the tested compounds 
is presented in Fig. 18 and Table S6, respectively. A dose-dependent 
anticancer response has been noticed. With a rising concentration of 
the test compounds, a sharp reduction in the viability percentage of the 
cells was observed. However, at higher drug doses, the %survival 
decrease of the cells was relatively low. 

Results of the MTT assay revealed that all compounds showed good 
to potent anti-proliferative activity in malignant glioma U87 cells with 
IC50 values in the range of 12.54 ± 0.05 to 142.22 ± 0.04 µg/mL. 
Among the test compounds, complex 4 (IC50 = 12.54 ± 0.19 µg/mL), 5 
(IC50 = 16.44 ± 0.17 µg/mL) and HL (IC50 = 21.95 ± 0.09 µg/mL) 
exhibited the highest inhibitory potency towards the brain cancer cell 
line (Malignant glioma U87). Human embryonic kidney HEK293 cells 
were also exposed to the compounds at varying concentrations (10, 20, 

Fig.18. IC50 (μg/mL) values of HL and complexes 1–5 against brain cancer (U-87) and normal (HEK-293) cell lines.  
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40, 80, 100, 150 and 200 µg/mL) like the cancer cells to examine the 
selective cytotoxic effects of the compounds towards malignant cells as 
compared to the non-malignant cells. The findings suggest that these 
cells (HEK293) are less vulnerable to the activities of the compounds, 
particularly complexes 4, 5, and HL, which increases the death of brain 
cancer cells. It is observed that the aggressive brain cancer cell line 
(Malignant glioma U87) responded more positively to the majority of 
the chemicals with higher cytotoxicity. The lower cytotoxicity of com-
pounds (4, 5, and HL) in non-cancerous cells suggests that these novel 
compounds will provide promising treatment/therapy for patients with 
brain cancer as suggested earlier (Ahmad et al., 2020). Furthermore, the 
remaining three complexes (1–3) were found moderate to less active 
with IC50 values of 68.95 ± 0.01 µg/mL, 67.23 ± 0.08 µg/mL, and 
142.22 ± 0.21 µg/mL, respectively. The number and nature of tin 
bonded alkyl/aryl groups could be considered as the controlling factors 
for the anticancer activity of the synthesized complexes in the present 
study. Diorganotin(IV) complexes with smaller methyl (4) or planner 
phenyl (5) group are found more active anticancer agents than tri-
organotin(IV) derivatives. Overall, the synthesized complexes have 
shown superior anticancer activity compared to the recently reported 
organotin(IV) carboxylates (Hanifa et al., 2022). 

3.5.7. Antimicrobial assays 
HL and synthesized organotin(IV) complexes (1–5) were screened 

for in vitro antibacterial activities against Escherichia coli, Staphylococcus 
aureus, Pseudomonas aeruginosa, and Bacillus subtilis. Candida albicans 
and Candida parapsilosis were used for testing the antifungal activity. 
The in vitro antimicrobial results are presented in Fig. 19 and Table S7. 
HL was inactive against any bacterial or fungal strain; however, com-
plexes have shown antimicrobial potency against the selected microbes 
with some exceptions. Among the test compounds, complexes 1 and 2 
have shown activities higher than the standard drug Cefixime against 

C. albicans and P. aeruginosa, respectively. These promising results of 
complexes 1 and 2 render them efficient anti-C. albicans and 
P. aeruginosa agents and requires further studies. The higher antifungal 
activity of tributyltin(IV) derivative (1) compared to the trimethyltin 
(IV) derivative (2) has endorsed the previously reported antifungal ac-
tivity pattern of triorganotin(IV) carboxylates (Ahmad et al., 2020). The 
test compounds have shown comparable antimicrobial activity with 
previously reported structurally related organotin(IV) carboxylates (Gul 
et al., 2024, Muhammad et al., 2022). 

3.6. ADME analysis 

The ADME (adsorption, distribution, metabolism and excretion) 
analysis was carried out for HL and complexes 1–5, and the data is given 
in Table 5. The calculated parameters are correlated with drug-like 
properties and define the relationship between the pharmacokinetic 
and physicochemical properties of the compound, keeping in view the 
Lipinski’s Rule of Five (Lipinski et al., 1997), an orally-active compound 
should follow the rule and should not have more than one violation. 

The drug recommended range of molecular weight is 130–725 g/mol 
– all the tested compounds lie within the range. Similarly, the number of 
hydrogen bond acceptor and donors for the screened compounds lie 
within the recommended ranges of 2–20 and 0–6, respectively. The 
ligand HL and 2 & 4 have the rotatable bond values in the allowed 
range, that is, < 10, while 1, 3, 5 show violations of this limit. The total 
polar surface area (tPSA; Å2), used for the determination of drug 
transport ability (Daina et al., 2017) with smaller tPSA values, < 136 to 
157 Å2, indicating greater drug transport ability; all the tested com-
pounds lie in the recommended range. Lipophilicity (logP) is an 
important drug parameter in measuring the ability of a drug to be 
dissolve in lipids/oils/fats and non-polar solvents (n-hexane, toluene), 
(Lobo, 2020, Waring, 2010) and the drug recommended range of 

Fig. 19. Antimicrobial activity of HL and complexes 1–5.  

Table 5 
In silico properties for HL and complexes 1–5 determined by SwissADMET.  

Comp.# MW tPSA HBD HBA RB # LogP LogS(ESOL) LogS(Ali) Vio. 

HL  170.14  46.53 3 4 3  1.55  − 2.10  − 2.23 0 
1  459.17  35.53 0 4 14  4.85  − 6.74  − 8.20 0 
2  332.93  35.53 0 4 5  2.11  − 3.96  − 3.76 0 
3  571.19  71.06 0 8 16  4.70  − 7.39  − 8.94 1 
4  487.03  71.06 0 8 10  2.91  − 5.53  − 5.98 0 
5  611.17  71.06 0 8 12  4.30  − 7.94  − 8.66 2 

tPSA: total polar surface area; HBD: H-bond donor; HBA: H-bond acceptor; RB: Rotatable bond; Vio: Violation from rule of five. 
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Fig. 20. Bioavailability radar image of HL and complexes 1–5.  
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lipophilicity is –0.4 to 5.6. The logP values calculated from different 
drug-likeness filters for the synthesized compounds range from 1.55 to 
4.85 which show that the tested compounds obey the drug recom-
mended. The estimated aqueous-solubility, ESOL is an important 
parameter in drug development and its recommended range for a drug is 
5–8. The ESOL value for HL & 2 lie in soluble class range while for 1, 4 & 
5 in the moderately soluble to poorly soluble range (Delaney, 2004). 

The radar image (Fig. 20) consists of total 6 parameters; lipophilicity 
(LIPO: XLOGP3 between − 0.7 and + 5.0), molecular size (SIZE: MW 
between 150 and 500 g/mol), polarity (POLAR: tPSA between 20 and 
130 Å2), solubility (INSOLU: log(S) < 6), flexibility (FLEX: rotatable 
bonds < 9) and saturation (INSATU: Csp3 > 0.25) (Daina et al., 2017, 
Daina,& Zoete, 2016, Hanifa et al., 2023, Hanifa et al., 2022). The pink 
area shows the optimal range for each property and enables a conve-
nient summary of the drug-likeness of a molecule. The radar images for 
HL and 2 completely lie within the pink area (shown by red lines), 
indicating these are predicted to be orally bioavailable, while those for 
HL and 1 & 3–5 are marginally outside the pink range. 

4. Conclusion 

The condensation reaction of organotin(IV) chlorides with sodium-4- 
fluorophenoxyacetate salt in dry chloroform afforded di- and tri-
organotin(IV) carboxylates (1–5) in good yields with expected compo-
sitions as confirmed by the elemental analysis and NMR spectra. The 
carboxylate ligand in the complexes have shown bridging/chelating 
bidentate coordination mode as suggested by FT-IR spectra and 
confirmed by single crystal analysis for complexes 1–3. Complexation 
has sufficiently improved the bioactivity of the carboxylate ligand. 
Complexes have shown activity in the selected enzymes inhibition as-
says in the order: Anti-Alzheimer’s assay > anti-inflammatory assay >
anti-diabetic assay. The higher activity of complex 3 (IC50 = 1.60 µg/ 
mL) than standard (IC50 = 2.82 µg/mL) renders it a potential candidate 
for AChE inhibition and demands further studies. The complexes have 
shown different activity orders against the selected enzymes influenced 
by different controlling factors such as the number and nature of the tin- 
bonded alkyl groups, coordination number and geometry of the com-
plexes. The synthesized complexes have also shown better anti-
leishmanial activity than HL. Potential activity against brain cancer cell 
line (Malignant glioma U87) of complex 4 (IC50 = 12.54 ± 0.19 µg/mL), 
complex 5 (IC50 = 16.44 ± 0.17 µg/mL), and HL (IC50 = 21.95 ± 0.09 
µg/mL) and low toxicity towards nonmalignant Human embryonic 
kidney HEK293 cells make these compounds good anticancer candidates 
for further studies. The multifaceted drug potential of the tested com-
plexes was further strengthened by the higher antimicrobial activity of 
the complexes 1 and 2 compared to the standard drug Cefixime against 
C. albicans and P. aeruginosa, respectively. 
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